Adult survivors of childhood brain tumors experience multiple, significant, lifelong deficits as a consequence of their malignancy and therapy. Current survivorship literature documents the substantial impact such impairments have on survivors' physical health and quality of life. Psychosocial reports detail educational, cognitive, and emotional limitations characterizing survivors as especially fragile, often incompetent, and unreliable in evaluating their circumstances. Anecdotal data suggest some survivors report life experiences similar to those of healthy controls. The aim of our investigation was to determine whether life satisfaction in adult survivors of childhood brain tumors differs from that of healthy controls and to identify potential predictors of life satisfaction in survivors. This crosssectional study compared 78 brain tumor survivors with population-based matched controls. Chi-square tests, t tests, and linear regression models were used to investigate patterns of life satisfaction and identify potential correlates. Results indicated that life satisfaction of adult survivors of childhood brain tumors was similar to that of healthy controls. Survivors' general health expectations emerged as the primary correlate of life satisfaction. Understanding life satisfaction as an important variable will optimize the design of strategies to enhance participation in follow-up care, reduce suffering, and optimize quality of life in this vulnerable population.
Introduction
As a result of improvements in diagnosis and aggressive, multimodality treatment, there is a growing population of long-term survivors of childhood brain tumors. Because curative therapy for central nervous system tumors typically involves intensive multimodality therapy, survivors are at risk for numerous complications related to the injury of normal central nervous system tissues that have a limited capacity for self-repair. Extended follow-up of large cohorts has confirmed that this growing group of survivors is at high risk for profound, life-altering late effects. A recent analysis from the St. Jude Lifetime Cohort study indicated a high prevalence of clinically ascertained chronic health conditions among cohort members (median age, 32 years); 98.2% of survivors had one or more chronic medical conditions, and a severe/ disabling or life-threatening condition occurred in 67.6% (Hudson et al., 2013) .
Epidemiologic research has detailed the permanent, sometimes progressive metabolic deficits and psychopathology that negatively affect the health and functioning of brain tumor survivors and may diminish life satisfaction (Armstrong et al., 2009) . Endocrine and neurologic dysfunctions are most common. Endocrine late effects include growth hormone deficiency, diabetes insipidus, abnormal thyroid function, obesity, and adrenocorticotropic hormone deficiency (Crom et al., 2010; Shaw, 2009 ). Brain tumor survivors also struggle with a spectrum of neurologic sequelae such as sensory impairment, seizures, sleep dysregulation, cognitive deficits, apathy, executive dysfunction, inattention or processing speed impairment, and emotional deficits (Armstrong et al., 2011; Conklin et al., 2012; Di Pinto, Conklin, Li, & Merchant, 2012; Nolan et al., 2013) . These substantial adverse consequences lead to disabilities that affect the 534532J POXXX10.1177/1043454214534532Journal of Pediatric Oncology NursingCrom et al. daily lives of survivors who grapple with poor educational attainment, unemployment/underemployment (Kirchhoff et al., 2011) , lower rates of marriage (Kirchhoff, Yi, Wright, Warner, & Smith, 2012) , depression or anxiety (Gurney et al., 2009) , and physical performance limitations resulting in restricted access to the environment (Brinkman, Li, et al., 2013; Ness et al., 2010) . Cumulatively, these deficits impede successful integration into society and may adversely affect life satisfaction.
Despite considerable disability among brain tumor survivors, emergent data suggest many of them report a quality of life that is similar to that of sibling or normative controls. In a study examining psychological outcomes in long-term survivors of childhood brain cancer, Childhood Cancer Survivor Study investigators, observed that the prevalence of distress in survivors was similar to that in siblings and consistent with that in the general population (Zebrack et al., 2004) . Musial-Bright and colleagues reported that despite tumor and treatment late morbidity, low-grade glioma survivors rated their quality of life higher than did their peers (Musial-Bright, Panteli, & Hernaiz Driever, 2011) . Similarly, an assessment of health-related quality of life after brachytherapy indicated that patients and caregivers rated survivors' lives as not different from that of the general population (Korinthenberg et al., 2011) . Data suggest that subjective perceptions of physical conditions are better predictors of well-being than objective health status measures (Zebrack, Yi, Petersen, & Ganz, 2008) and that wellbeing in adult survivors of childhood cancer is a function of the individuals' perception of how cancer has affected or continues to affect them in both positive and negative ways (Zebrack et al., 2010) . Surprisingly, Zebrack and Landier (2011) found that endorsement of a perceived positive effect of cancer was significantly greater among survivors exposed to at least one intense therapy such as radiation therapy. Collectively, these studies show that consideration of survivors' subjective perspective is crucial to a balanced understanding of the status of adult survivors of pediatric brain tumors.
Life satisfaction measures the subjective perspective of how people evaluate their life as a whole. No external standard or rubric is applied. It is an assessment of which life circumstances and conditions are important for personal well-being. This evaluation of subjective well-being is built on the premise that how people experience a set of circumstances is as important as the circumstances themselves, and that individuals are the best judges of how their own lives are going. (Ryff & Singer, 1996) . Ed Diener (Diener, Emmons, Larsen, & Griffin, 1985; Diener, Lucas, & Scollon, 2006) in his development of the Satisfaction With Life Scale, stressed that a single overall evaluation of life is best, rather than considering satisfaction with different domains of living such as coping, happiness, and adaptation.
As a part of a larger study that explored physical performance limitations among adult survivors of childhood brain tumors, this investigation focused on findings specific to understanding the unique experience of life satisfaction. Based on a review of published studies and our clinical experience, we anticipated that childhood brain tumor survivors would report life satisfaction similar to that of the control group. We examined possible correlates of life satisfaction including physical health, emotional health, cognitive health, and perception/ expectation. The influence of patient-related variables (eg, sex, marital status, socioeconomic status, and comorbid conditions) and cancer-related variables (eg, age at diagnosis, and time since diagnosis) was also considered. Figure 1 illustrates concepts and conceptual linkages in our proposed theoretical framework. We hypothesized that life satisfaction would be the result of physical, emotional, and cognitive health mediated by a survivor's expectations and perceptions. 
Method

Subjects and Procedures
Details of the current study design, participant recruitment, and cohort characteristics have been previously reported (Ness et al., 2010) . Briefly, childhood brain tumor survivors who were receiving medical follow-up in the oncology outpatient clinic at St. Jude Children's Research Hospital or the University of Minnesota Children's Hospital were invited to participate. St. Jude Children's Research Hospital in Memphis, Tennessee, is an international referral center specializing in the treatment of catastrophic diseases of childhood. It is the national coordinating center for the National Cancer Institutefunded Pediatric Brain Tumor Consortium. About 180 new brain tumor patients are seen each year. The Children's Hospital in Minneapolis is a comprehensive regional referral center and is associated with the University of Minnesota Department of Pediatrics. More than 100 brain tumor survivors are seen each year. Study inclusion criteria included: treatment for a primary brain tumor at age 21 years or younger, 18 years or older at the time of evaluation, and survival of at least 5 years. We excluded patients with recurrent disease, patients who were currently pregnant, and those who did not speak English. A population-based comparison group matched by age, sex, and ZIP code was also recruited using Melissa Data services (http://melissadata.com). Evaluations were completed during home visits to eliminate the potential bias of inability to travel to the hospital. Study subjects were seen by a licensed physical therapist or study nurse at their respective study sites. Study personnel were trained to administer the tests by the principal investigator and practiced examination procedures until 95% agreement was obtained. The study nurse or physical therapist reviewed the study purpose (investigating physical performance, disability, and quality of life in childhood brain tumor survivors), procedures, and plans for the evaluation with each subject. Study subjects received compensation for participation. The study was approved by the institutional review boards of both participating institutions. Participants or legal guardians provided informed consent.
Predictors and Covariates
Demographic and treatment information including age at diagnosis, time since diagnosis, sex, tumor type, and details of the extent of surgery, chemotherapy, and radiation, were abstracted from medical records. Information regarding employment, marital status, and living arrangements was obtained from study participants at the time of evaluation.
Physical health and performance were evaluated by the Duke Activity Status Index. The self-administered 12-item questionnaire assesses function based on activities of daily living (Can you take care of yourself? Can you do light work around the house?) and cardiovascular fitness (Can you climb a flight of stairs or walk up a hill? Can you run a short distance?). Scores on the measure correlate with exercise capacity. Test scores are correlated with peak oxygen intake during graded exercise testing (r = .81). Test scores are converted to VO2 max values and compared with population norms provided by the American College of Sports Medicine (2000; Hlatky et al., 1989) . This index has been compared and validated with exercise testing in both healthy and sick populations (Alonso et al., 1997; Carter et al., 2002) . Study participants were classified as impaired if their peak oxygen intake was ≥2.5 standard deviations below age-and sex-predicted values.
Cognitive functioning was assessed by the Kaufman Brief Intelligence Test, version 2. Verbal and nonverbal intelligence are measured quickly. Internal consistency of the Kaufman is reported at .94 and test-retest reliability from .92 to .95. Each test item has been checked for validity by comparing it with the Wechsler Adult Intelligence Scale-Revised. The composite intelligence quotient score has a general population mean of 100 and standard deviation of 15, with a range of 40 to 160 (Kaufman & Kaufman, 2004) . Scores ≤the 10th percentile were classified as impaired.
Emotional health was assessed by the Brief Symptom Inventory (BSI-18), which evaluates symptoms over the previous week. This 18-item instrument yields a summary score of global distress. Test items are rated on a 5-point Likert-type scale that ranges from "no distress" to "extreme distress." Scores are dichotomized using a cut point of 63. T scores ≥63 reflected poor emotional health (Derogotis, 2000) . Reliability and validity of the BSI-18 has been established in persons with traumatic brain injury, adult survivors of childhood cancer, and others (Meachen, Hanks, Millis, & Rapport, 2008; Recklitis & Rodriguez, 2007) .
Perception of physical health was measured by the General Health subscale of the SF-36. The SF-36 is a widely used generic health profile that provides age-and sex-specific norms. Reulen et al. (2006) studied the psychometrics of the SF-36 in more than 10 000 adult survivors of childhood cancer, which confirmed its validity and reliability for this population. The General Health subscale consists of 4 statements: I get sick a little easier, I am as healthy as any, I expect my health to get worse, and my health is excellent. T scores ≤40 were classified as poor health (Ware, Snow, & Kosinski, 2000) .
Life satisfaction was assessed by having participants complete the Satisfaction With Life Scale (Diener et al., 1985) , a 5-item, 7-point Likert-type scale measure of subjective well-being. It compares one's circumstances with what is thought to be appropriate without an externally imposed standard. The scale does not assess specific life domains such as health or finances, but allows patients to integrate and weigh different dimensions of life in any way they choose. Items include my life is close to ideal, conditions of my life are excellent, I am satisfied with my life, so far I have gotten important things I want, and if I could live my life over I would change nothing. Scores range from 5 (extremely dissatisfied) to 35 (highly satisfied). Scores ≤14 indicated poor life satisfaction (Diener, 1984) . The test-retest reliability of the scale has been reported to range from .83 to .50 for intervals ranging from 2 weeks to 4 years; in general higher reliabilities were associated with shorter test intervals (Pavot & Diener, 1993) . The validity of the scale has been documented by convergence with an array of both selfreported and external criteria ((Diener et al., 1985; Pavot, Diener, Colvin, & Sandvik, 1991) .
Statistical Analysis
Descriptive statistics were calculated (frequency, percent, mean, standard deviation, median, and range) to characterize the study population. Categorical outcomes were compared among survivors and controls with chi-square statistics; continuous outcomes were compared with two sample t tests, or with the nonparametric Kruskal-Wallis test in instances of nonnormality. General linear regression was used to evaluate associations between physical health, emotional health, and life satisfaction among brain tumor survivors. SAS Version 9.2 (SAS Institute, Cary, NC) was used for all analyses.
Results
Participants
Participants included 78 randomly selected brain tumor survivors. The population-based comparison group included 78 individuals who responded to a mailed invitation. Age, sex, and race distributions for brain tumor survivors and individuals in the comparison group were statistically indistinguishable. Descriptive characteristics of the brain tumor survivors who participated in the study are summarized in Table 1 . Fifty-four percent were male, and a majority of the cohort was white. Survivors' age at the time of the study ranged from 18.4 to 58.3 years (mean, 22 years). More than half of the survivors were younger than 10 years of age at diagnosis, and 84.6% had survived for more than 10 years. The most common tumor type was astrocytic, and the most common tumor location was the cerebellum. Most survivors were treated with combination multimodality therapy. Seventy-seven percent had surgical resection, 66.7% received cranial radiation, and 30.8% received chemotherapy. Survivors were more likely than controls to be unemployed or have sheltered employment, were less likely to live independently, and were more likely to be single ( 
Physical, Cognitive, and Emotional Functioning
Comparisons of survivors and controls on the primary outcomes of interest are detailed in Table 3 . Differences between survivors and controls were observed in physical health and performance, cognitive functioning and perception/expectation of physical health. Survivors had significantly poorer physical health (P < .001), including sensory deficits, reduced muscle strength, and poor exercise tolerance. Specifically, 51.3% of survivors had peak oxygen uptake estimates more than 2.5 standard deviations below age-and sex-predicted values versus only 11.5% of controls (P < .001). Survivors, on average, had more impaired cognition than controls (survivor mean = 82.7 vs control mean = 103; P < .001). Perception/expectation of physical health indicated that survivors rated their health as significantly worse than controls did, with 23.4% of survivors reporting impaired physical health versus only 1.3% of controls (P < .001). Symptoms of emotional distress were similar for survivors and controls (P = .32) 
Life Satisfaction
Discussion and Implications for Practice
Three primary findings emerge from our analysis: (1) adult survivors of childhood brain tumors reported an increased burden of multiple physical functional and cognitive deficits, (2) despite this long-term morbidity, survivors' life satisfaction was similar to that of sex-and Our finding that adult survivors of childhood brain tumors reported diminished health, more physical deficits, and cognitive limitations than individuals in the control group is not surprising. Reports from the Childhood Cancer Survivor Study have documented that adult survivors of childhood brain tumors are an especially vulnerable group who experience more limitations than their siblings and more medical complications than any other group of childhood cancer survivors (Armstrong et al., 2009; Crom et al., 2010) . In our cohort, cognitive performance was, on average, below that observed for controls, but still within the low average range of functioning. This is important because as Zebrack et al. (2012) note, survivors must have the cognitive capacity to acknowledge the severity of the life disruption caused by the disease to perceive a positive life influence after experiencing cancer. Socially, our survivors reported lower rates of independent living, marriage, and employment, similar to rates noted in past studies (Crom et al., 2007; Kirchhoff et al., 2011; Kirchhoff et al., 2012; Ness et al., 2010) .
Emotional health did not differ between survivors and controls, as reflected by the BSI-18 global score. This finding is somewhat inconsistent with historical reports. Although most childhood cancer survivors are noted to be psychologically well and do not report symptoms of distress or depression that exceed sibling controls or population norms, brain tumor survivors appear to be an exception. Zebrack et al. (2004) and Zeltzer et al. (2009) hypothesized that factors contributing to increased anxiety and depression in this subgroup of survivors include disproportionate rates of learning disabilities, unemployment, behavioral concerns, and social limitations resulting in daily frustration. Brinkman and colleagues noted in their study of longitudinal patterns of psychological distress that patients treated with cranial radiation reported increased symptoms of distress over time and were more likely to use pharmacologic therapy (Brinkman, Ullrich, et al., 2013; Brinkman, Zhu, et al., 2013) . Furthermore, nearly 11% of brain tumor survivors reported suicidal ideations (Recklitis et al., 2010) . Depression, pain, and poor physical health have been associated with an increased likelihood of suicidal thoughts in adult survivors of childhood brain tumors (Brinkman, Liptak, et al., 2013) . Taken together, these data appear to suggest that adult survivors of childhood brain tumors are vulnerable to symptoms of psychological distress. An important difference between our study and previous reports that may account for observed differences is the method of data collection. We collected data through in-person interviews whereas most previous studies have relied on selfreport data from questionnaires completed by mail.
Face-to-face reporting may minimize the frequency and severity with which psychological symptoms are reported.
Despite considerable morbidity, survivors in our study reported life satisfaction similar to that of healthy controls. Although this finding seems somewhat counterintuitive, it aligns with the findings of Dietz and Mulrooney (2011) , who emphasized that survivors of childhood cancers may be more resilient than expected and may be able to overcome many of the barriers forced on them. However, other researchers contend that brain tumor survivors have less positive life satisfaction outcomes and experience loneliness, loss, and isolation. For example, Zebrack and colleagues argued that debilitating cognitive and behavioral limitations experienced by survivors may preclude them from perceiving a positive effect of their cancer (Zebrack et al., 2012) . Qualitative researchers debate the statistical versus clinical significance of such reports and assert that quantitative analyses in large survivor cohorts obscure the full range of possible psychosocial outcomes and trivialize the complexity of cancer survivorship. After interviewing 50 adult survivors of childhood cancers, including brain tumor survivors, Parry and Chesler (2005) concluded that many outcomes are possible, including resilience and even thriving. Boydell, Stasiulis, Greenberg, Greenberg, and Spiegler (2008) found "I'll show them" was a frequent theme as brain tumor survivors struggled to reintegrate into society and establish realistic goals. Survivors expressed new determination and strength, but also needed to give additional attention to obtaining help when necessary.
Elements of posttraumatic growth have also been considered as an explanation for why childhood cancer survivors report being satisfied with their lives (Zeltzer et al., 2008) . As one element of such growth, many survivors communicate a deeper empathy for the suffering of others (Crom, 2009 ). However, they fail to integrate other components of potential posttraumatic growth, such as developing new directions or consciously changing life priorities. Half of study participants were less than 10 years of age at diagnosis making posttraumatic growth developmentally improbable. Also, posttraumatic growth may require formal operational conceptualization that would be challenging for many brain tumor survivors with cognitive impairments.
It is also possible that a phenomenon of "response shift" explains the lack of variance in life satisfaction between survivors and controls. Response shift occurs when individuals alter their internal standards, values, and determinants of what makes life satisfying based on changes in their physical, cognitive, and emotional health. It is an unconscious process of recalibration, reconceptualization, and reprioritization of internal standards and references used for self-appraisal (Barclay-Goddard, Epstein, & Mayo, 2009 ). Such shifts have been examined in breast cancer survivors (Dabakuyo et al., 2013) , in patients who have had a stroke (Barclay-Goddard, Lix, Tate, Weinberg, & Mayo, 2011) , and in the assessment of outcomes after spinal surgery (Schwartz, Sajobi, Lix, Quaranto, & Finkelstein, 2013) . Researchers stress that adaptation and adjustment are gradual, ongoing processes-a change of life trajectory. This may occur over the course of several decades of cancer survivorship. Response shift enables patients to reframe a negative event. Such reframing may require that they compartmentalize losses and reevaluate formerly important domains of life (Massey, Cameron, Ouellette, & Fine, 1998) .
Survivors' perceptions and expectations emerged in multivariate regression analysis as the key determinant of life satisfaction. Responses suggest that survivors realistically do not deny their poor health but integrate their limitations, gradually and subconsciously redefining what makes life satisfying. Pemberger et al. (2005) attributed childhood cancer survivors' report of subjective well-being to a better appreciation of being alive and to considering possible impairments of present health status less important. Recent research, specific to childhood cancer survivors, corroborates that subjective perceptions of health status are better predictors of distress or well-being than are objective functional measures (Zebrack et al., 2008) .
These findings must be considered in the context of several study limitations. First, the generalizability of these findings is limited by the small sample size. In addition, we note that this is a cross-sectional study and understanding the changing lives of adult survivors of childhood brain tumors would be improved by longitudinal data. We acknowledge that the relationship between perception/expectation of health and life satisfaction is associative and not necessarily causal. Generic measures were used to capture the experience of cancer survivors, which may not be the best way to understand their life satisfaction. No qualitative data were available to add additional insight. Finally, the use of self-reported data and field testing are subject to measurement error and may have reduced the precision of our estimates.
Despite these limitations, this study offers important information to nursing practice as clinicians help organize follow-up care for adult survivors of childhood brain tumors. If survivors perceive that their health status is what they would expect it to be, they may be reluctant to adhere to recommended health behaviors such as eliminating tobacco use or participating in physical activities. This perception would explain the poor attendance at multidisciplinary clinics where aging adult survivors could benefit from screening evaluations such as those defined by the Children's Oncology Group (available at http://www.survivorshipguidelines.org).
The finding that perception/expectation of health is a sentinel mediator of life satisfaction is a call to action for oncology nurses to become advocates for adult survivors of childhood brain tumors. Oncology nurses are in an ideal position to talk deeply with survivors. We have previously shown that oncology nurses can help to create a positive listening environment in which survivors relate complete and honest information about their life experiences, motivations, and expectations (Crom, Hinds, Gattuso, Tyc, & Hudson, 2005) . Armed with a better understanding of the complex reality of this most vulnerable group of aging cancer survivors, we are better able to address barriers to care and design interventions to promote quality of life.
These results must be interpreted with caution. Pediatric oncology nurses remain concerned regarding the limitations, poor societal integration, and isolation reported by many adult survivors. Our findings provide the opportunity to ask more, and better, questions that seek to identify critical correlates of life satisfaction in survivors. The appropriateness of evaluating survivors with general measures must be addressed if we are to identify future directions for this population. New, disease-specific/population-specific, measures are emerging based on qualitative studies identifying important dimensions of life satisfaction in survivors. Our report underscores the importance of evaluating life satisfaction based on the perceptions of the survivor and not as measured by an externally imposed standard.
